To evaluate potential differences in protein A among Staphylococcus aureus strains, lysostaphin-solubilized cell wall proteins from 12 serologically distinct strains were analyzed by 7.5% sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE). Seven presumptive protein A variants identified in the 45-to 57-kilodalton range were then studied for qualitative binding affinities to nonimmune mouse 
Many bacterial species have receptors on their cell surfaces for different mammalian plasma proteins. The bestcharacterized of these receptors is protein A (SpA) from Staphylococcus aureus. SpA has the ability to bind to the Fc portion of a variety of mammalian immunoglobulins and, because of this property, is useful in a variety of immunological techniques (11) . SpA is also known to activate serum complement (12, 14, 27) .
Almost all studies on the functional characteristics of SpA have been performed with a single S. aureus strain, Cowan I, which produces this protein in abundance. Using radiolabeled immunoglobulin, Kronvall et al. estimated the number of SpA molecules on S. aureus Cowan I to be 80,000 immunoglobulin G (IgG)-binding sites per organism (19) . Although it has been suggested that there are differences in size and amino acid composition of SpA among S. aureus strains (30) , it has been widely assumed that SpA from different strains are similar. Our current studies of the cell wall proteins of 12 S. aureus strains revealed heterogeneity of a major cell wall protein in the 45-to 57-kilodalton molecular size range on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis. The proximity of the molecular sizes of these proteins to that of the standard Cowan I SpA (ca. 56 (25) .
Cell walls were then extracted twice with 5 ml of 2% Triton X-100 at room temperature for 30 min to remove contaminating cell membrane constituents (20 mouse monoclonal IgG, to ct1-antitrypsin (Cappel Laboratories) diluted 1:500 in 50 ml of incubation buffer (pH 8.2) for 3 h; and (iv) mouse monoclonal IgGI diluted 1:500 in 50 ml of 0.01 M phosphate buffer (pH 5.5) with 0.05% Brij 35, 0.15 M NaCl, and 0.02% NaN3 for 3 h. The blots with the mouse monoclonal antibody were designed to demonstrate nonimmune Fc binding of these proteins. After probing, the nitrocellulose membrane was washed three times for 5 min each with blocking buffer. Alkaline phosphatase conjugate of the F(ab')2 fragment of sheep anti-mouse or sheep anti-rabbit IgG (Sigma) was added as the secondary antibody (dilution 1:1,000). After incubation for 1 h, the nitrocellulose membrane was again washed three times for 5 min each with blocking buffer, and the reactive bands were visualized with 5-bromo-4-chloro-3-indolyl phosphate (Sigma) as the alkaline phosphatase substrate as described by Blake et al. (3).
Periodic acid-Schiff base stain for glycoprotein. Cell wall proteins from 12 serologically distinct S. aureus strains together with ovalbumin as a positive control were resolved on 7.5% gels. After being fixed overnight in ethanol-glacial acetic acid-water (40:5:55), the gel was oxidized by periodic acid and reacted with dansyl hydrazine to form a Schiff base as described by Eckhardt et al. (7) . Following reduction by sodium borohydride, the gel was treated with acetic acidwater (99:1) repeatedly until the background became colorless. After being destained, fluorescent-labeled glycoproteins were visualized with a long-range UV light (366 nm). Control gels in which the periodate oxidation step was omitted were included to reveal proteins with natural fluorescence or those that bound dansyl hydrazine noncovalently.
Amino sugar analysis. To quantitate the amount of amino sugar in our protein A variants, protein A was first purified on a IgG-Sepharose affinity column (17 (50 V) through the stacking gel until the protease and polypeptide were compressed into a band in the stacking gel. At that time, the power was turned off for 30 min to allow for further enzymatic digestion. Electrophoresis was then continued at constant voltage (150 V) until the dye front reached the bottom of the gel. The gels were then stained with Coomassie blue (31) .
RESULTS
Cell wall protein profiles by SDS-PAGE. Cell-wall proteins of 12 serologically distinct S. aureus strains were resolved by SDS-PAGE (7.5% gel). The major protein bands were in the molecular size range of 45 to 75 kDa (Fig. 1) . Although electrophoretically distinct from the Cowan I SpA control (lane 15), the quantitative predominance of this band in each of the protein profiles and the proximity of its molecular size to that of Cowan I SpA suggested that these bands might represent SpA variants.
Identification of protein A by enzyme-linked immunoelectrotransfer (Western) blots. To more precisely identify SpA among the 12 S. aureus strains examined, cell wall proteins from these strains were resolved on 7.5% gels and transferred to nitrocellulose membranes. All of the presumed SpA variants (except for S. aureus 5687 [lane 6], which displayed weak binding), including the lower-molecular-size polypeptides at the migration front of each lane, exhibited binding to nonimmune rabbit IgG (Fig. 2) . Similar results were also found with nonimmune mouse IgG (data not shown). When the blot was probed with mouse monoclonal IgGl at pH 8. By SDS-PAGE with Coomassie blue and silver stain (data on silver stain not shown), there appeared to be at least six distinguishable SpA size variants among the 12 strains studied (Fig. 1) . To facilitate the interpretation of data, we arbitrarily assigned SpA variants of similar size by SDS-PAGE to groups. With mixing experiment, we found that group I strains were different from group III strains and, further, that SpA from strain 2253 (Fig. 1, lane 3) appeared to be distinct from other members within the same group (group I). To evaluated the possibility that the apparent molecular size differences in SpA were due to various amounts of associated mucopeptide attached to a homogeneous SpA molecule, we stained the gels for glycoproteins as described. No fluorescence-labeled glycoproteins were detected in the putative SpA variants, although the ovalbumin control was positive for fluorescence. Further quantitation of amino sugars was performed with two of our purified SpA variants (strains 17A and 263) by reverse-phase high-pressure liquid chromatography. This method allowed for detection of amino sugars down to the 10-pmol level. Our results indicate that less than 1% amino sugar was present.
Proteolytic activity. To evaluate the possibility that these SpA size variants might have resulted from proteolytic digestion of a single SpA molecule, we monitored proteolytic activity by using Azocoll at each step of the preparation of the cell wall proteins. A minimal amount of proteolytic Fig. 2 , except for lane 13, which contained 5 ,ug of chymotrypsin control. (Fig. 3, lanes 4 (7) . We also performed hexosamine analysis on SpA variants from strains 17A and 263 (Fig. 1, lanes 7 and 14) to determine the quantities of mucopeptides after purification on an IgGSepharose affinity column. Less than 1% hexosamines were found. This result is in agreement with that of Sjoquist et al. (26) , who demonstrated that Cowan 1 SpA contains less than 0.2% hexosamines. On the basis of these data, we expected each of the SpA molecules to contain at most two disaccharide subunits. Since the molecular sizes of these SpA variants (strains 263 and 17A) differ by 5 kilodaltons when measured by SDS-PAGE, it is unlikely that the discrepancy in their apparent molecular sizes was due to associated mucopeptides.
To confirm that these SpA variants did not derive from proteolytic digestion of the same SpA molecule, we monitored the proteolytic activity during the extraction procedure. Proteolytic assays with Azocoll detected minimal protease activity only during the first step of the extraction. However, further analysis of the enzyme-linked immunoelectrotransfer blots (Fig. 2) 
